Investigation of Airfield Runways at Jacksonville Naval Air Station
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In October 1990, the U.S. Army Engineer Waterways Experiment Station (WES) was requested by the Naval Facilities Engineering Command, Southern Division harleston, South Caroli.na to provide technical assistance in analyzing the airfield pavement distresses at Jacksonville Naval Air Station in Florida. Runways 9/27 and 14/32 had been rehabilitated and re urfaced with asphalt concrete in 1988. Within 1 year, significant amounts of loose fine aggregate appeared on the pavement surface. The asphalt concrete had begun to deteriorate prematurely and exhibit pavement surface distresses. The primary surface distresses were an open-textured surface, raveling, and evidence of roots in the asphalt concrete. The Materials Research and Construction Technology Branch of the Geotechnical Laboratory at WES was requested to inspect the airfield pavement~ and perform laboratory tests on asphalr concrete samples to determine properties of the asphalt cement, aggregates, and asphalt concrete mixture. The purpose of the analysis was to evaluate the in-place materials for compliance with specifications, detennine possible causes for these pavement distresses, and recommend options for the repair of the airfield pavements. The laboratory evaluation of the asphalt concrete material indicated that pavement raveling was due to an improperly produced and constructed asphalt concrete mixture. Factors that contributed to the improper asphalt mixture were as follows: field density and compaction results were low and below minimum compaction requirements, aggregate gradations were consistently out of specification, natural sand contents were extremely high, in-place asphalt contents were extremely low, and void properties did not meet standard criteria for airfield pavements.
The U.S. Army Engineer Waterways Experiment Station (WES) was requested by the Southern Division, Naval Facilities Engineering Command, Charleston, South Carolina, in October 1990, to provide technical assistance in analyzing the airfield pavement distresses at the Jacksonville Naval Air Station (NAS), Florida. Runways 9/27 and 14/32 were rehabilitated and resurfaced during 1988. Runway 14/32 was resurfaced with an asphalt slurry seal followed by a 1 Yz-in. asphalt concrete overlay. The rehabilitation of Runway 9/27 included cold milling 3 in . of the existing asphalt pavement and resurfacing with 2Y2 to 6 in. of new asphalt concrete. Two different asphalt concrete mix designs were used during the rehabilitation of Runways 9/27 and 14/32. The asphalt concrete mixture placed on Runway 9/27 had a %-in. maximum size aggregate gradation, whereas the material on Runway 14/32 had a Y2-in. maximum size aggregate gradation. The rehabilitation project was completed in December 1988.
Within 1 year, the airfield manager noticed significant amounts of fine aggregate on the pavement surface. The as-U.S. Army Engineer Waterways Experiment Station, CEWES-GP-Q, Vicksburg, Miss. 39180-6199. phalt concrete surface had begun to deteriorate and showed surface distresses. The primary surface distresses were raveling and evidence of roots in the asphalt concrete. On November 6, 1990, Navy and WES personnel inspected the airfield pavement. The asphalt concrete on Runway 9/27 was raveling and losing fine aggregate. Traffic areas, especially the touchdown zone, were extremely open textured and exhibited severe raveling. Runway 14/32 had similar defects, but the degree of deterioration was not as severe.
On the basis of visual inspection, it was concluded that the pavement deterioration was caused by several factors that dealt with material and mixture properties. The Materials Research and Construction Technology Branch of the Geotechnical Laboratory was requested by Jacksonville NAS to perform laboratory tests on asphalt concrete samples to determine properties of the asphalt cement, aggregate, and asphalt concrete mixture. The purpose of the analysis was to evaluate the in-place materials for compliance with specifications, determine possible causes for these pavement distresses, and recommend options for the repair of the airfield pavement.
On December 15, 1990, eight slab samples approximately 2 ft by 2 ft in size were extracted from Runways 9/27 and 14/32. Six samples were obtained from Runway 9/27, and two samples were obtained from Runway 14/32. These slab samples were selected to evaluate typical asphalt concrete materials throughout the airfield pavement. The individual slab sample location and pavement surface characteristics are given in Table 1 .
The slab samples were removed by full-depth saw cutting. This process produced asphalt concrete slabs with approximate dimensions of 2 ft by 2 ft with a depth equivalent to the full depth of the asphalt concrete surfacing. These samples were easily separated from the compacted granular limerock base course and shipped to the WES laboratories. During removal of the slab samples, voids throughout the surface course layer were evident, especially at the bottom of the wearing surface.
ANALYSIS OF PAVEMENT MATERIALS
Because of the nature of the pavement distresses, primarily surface raveling, only the surface course material was tested and analyzed. The laboratory test plan used to evaluate these slab samples follows. The first step in evaluating the in-place material was to determine the thickness of the entire slab and then the surface course layer. Three 4-in. cores were taken from each slab sample so that the in-place field density could be determined (MIL STD 620B, Method 101) . Pavement thickness and inplace field density values are given in Table 2 . Before any material testing , the surface course layer for each individual slab was separated from the remaining pavement layers. All loose material that had broken off the slab samples was discarded and not tested. The next step in preparing the asphalt concrete material was to trim and remove all cut edges from the samples. This was accomplished by heating the cut edges and removing at least % in. of material with a hot spatula. This procedure is performed to ensure that the aggregate gradation is not affected by the sampling technique and that a true representative sample is evaluated . After the sample preparation was completed, the material representing individual slabs was broken down and thoroughly mixed before testing.
A complete laboratory analysis was conducted on each of the eight slab samples. Because of the condition of Slab 1, two separate sets of tests were conducted for the raveled and nonraveled portions of the slab. A total of nine individual samples were evaluated. The laboratory evaluation for each sample included extractions , asphalt recoveries , recompaction analyses , and material tests .
Four asphalt extractions (ASTM D2172) , two aggregate washed gradations (ASTM C136 and C117) , and one Abson recovery (ASTM Dl586) were conducted on each individual slab sample. Extractions and recoveries were conducted on split-out representative samples. Technical grade trichloroethylene and a two-stage extraction procedure using a highspeed continuous flow centrifuge were used to optimize the results of this procedure. The aggregates from this procedure were used to conduct aggregate gradation, specific gravity , fractured face, natural sand content, and LA abrasion tests . The results are summarized in Tables 3 and 4 . The asphalt cements recovered from the Abson recovery procedure were used to conduct penetration, viscosity, specific gravity , and ductility tests. The results of these tests are given in Table 5 .
The remaining material from each slab sample was then used for a recompaction analysis. Three procedures were used 53 to recompact the asphalt concrete material. The first used was in accordance with ASTM D1559, which required a compaction temperature of 290°F and a compactive effort of 75 blows on each side with a hand hammer. The second followed the guidelines in MIL STD 620B, Method 100, which required a compaction temperature of 250°F and a compactive effort of 75 blows on each side with the hand hammer. The third was conducted according to ASTM D3387, which uses the Corps of Engineers gyratory testing machine (GTM). The GTM was used to compact asphalt specimens at 250°F using 200 psi, 30 revolutions, and 1-degree gyration angle, which is equivalent to a 75-blow hand hammer compactive effort.
The specimens produced by the three compaction procedures were used to determine standard Marshall mix design properties, which include density, stability, flow , and void requirements. The results of these recompaction analyses are given in Tables 6 through 11 . Recompacted specimens were also evaluated using ASTM D4867 and MIL STD 620B, Method 104.
DISCUSSION OF LABORATORY RESULTS
Asphalt Concrete Thickness and Field Density
The asphalt concrete thickness and field density results are listed in Tables 3, 12 , and 13. The total asphalt concrete pavement thicknesses for Runway 9/27 varied between 4% and 8 in. with the average thickness being approximately 6% in. The total asphalt concrete thicknesses of the two slab samples from Runway 14/32 were 6V2 in. and 5% in. The surface course layer thickness for Runway 9/27 varied between 1 Vs in. and 1 % in. The surface course thicknesses for Runway 14/32 were 1 % in. and l7/s in. On the basis of the absence of pavement structural failures, the thicknesses of the asphalt concrete represented by these samples are adequate for the amount and type of air traffic for these runways . The field density results were determined from 4-in. cored specimens taken from each slab sample. The field density values were determined only for the surface course layer. The field density values for Runways 9/27 and 14/32 varied from 130.0 to 136.8 pcf. The average field compaction results given in Table 12 for these slab samples indicated that a majority of the in-place asphalt concrete did not meet the minimum compaction requirement of 97 percent. The field compaction results for the laboratory densities recompacted at 250°F varied from 93.4 to 98 .1 percent. The field compaction results for the laboratory densities recompacted at 290°F were lower and varied from 92.8 to 97 .3 percent.
The field compaction results and the visual voids on the cut faces of the slabs indicated that the in-place voids in the asphalt concrete mixtures were high. The in-place voids were calculated using field density values and two theoretical density values determined by MIL STD 620B and ASTM D2041. The in-place void results are given in Table 13 . The in-place void results calculated using MIL STD 620B varied between 7.5 and 12.9 percent for Runway 9/27 and between 10.8 and 11.2 percent for Runway 14/32. The in-place void results calculated using ASTM D2041 varied between 8.6 and 13.1 percent for Runway 9/27 and between 9.0 and 9.6 for Runway 14/32. Asphalt concrete mixtures with in-place voids above 8 percent are considered permeable. Asphalt concrete mixtures that are permeable and allow water and air intrusion are subjected to oxidation, which leads to weathering of the pavement surface. Excessive weathering of an asphalt concrete mixture decreases the durability and service life of a pavement.
Aggregate Analysis
The results of the analyses performed on the aggregates recovered from the extraction process are given in Tables 3 and  4 . The aggregate gradations determined for the slab samples from Runway 9/27 indicated that all samples have aggregate gradations that do not meet the contract specifications. The predominant problem with the aggregate gradations for the surface course mixtures is that the gradations were too coarse and not well graded. Slab Samples lA, 3, 4, and 5 are much coarser than the specified limits. These slab samples also had an extremely open-textured surface. Slab Samples lB , 2, and 6 have aggregate gradations that exceed the upper limit on the No. 50 sieve and vary from the lower to upper limits of the specified limits. As a whole, the aggregate gradations determined from the slab samples taken from Runway 9/27 do not meet the required limits for heavy-duty airfield P!!.Vements.
The aggregate gradations determined from slab samples taken from Runway 14/32 are inconsistent. Slab Sample 7 had a gradation that did not meet the specifications and was similar to the coarse aggregate gradations found on Runway 9/27 . Slab Sample 8 had the only aggregate gradation that was close to meeting the required contract specifications.
The natural sand content of the slab samples was determined by observing the aggregate particles smaller than the No . 4 sieve under a microscope . The percentage of natural sand is calculated by determining the number of sand particles TRANSPORTATION RESEARCH RECORD 1337 in the aggregate gradation. The natural sand contents in the aggregate gradations from Runway 9/27 were all above the maximum limit of 15 percent. The natural sand content varied from 18.5 to 35.4 percent for Slab Samples 1 through 6. Slab Samples lB, 2, and 6 had high natural sand contents of 23.2, 35.4, and 24.4 percent, respectively. The natural sand content for Slab Samples 7 and 8 from Runway 14/32 were 15.0 and 20.4 percent, respectively .
The LA abrasion test (ASTM Cl31) was conducted on combined samples of extracted aggregate. A combined sample from Slab Samples 1 through 3 was evaluated using Grading B. The percent wear of these aggregates was 37 .0. A combined sample of Slab Samples 1 through 6 was used to evaluate Grading C. The:: pc::rcc::nl wc::ar uf Lhc::st: aggrt:gatt:s was 34.9. The Florida limerock aggregate meets the requirements of the specification.
Asphalt Cement Analysis
The test results for the asphalt cement recovered from the Abson recovery process are listed in Table 5 . They indicated that this material had aged and hardened during plant production and a 2-year service life . The initial penetration for the Chevron AC-20 asphalt cement was 87. Typical values for the recovered penetration ranged between 19 and 30. These values indicated a reduction in penetration of 66 to 78 percent. Asphalt cements recovered from mixtures after plant production typically have reduced penetration values of 40 to 50 percent. The ductility and viscosity values also indicated that the asphalt cement had hardened significantly.
In the previous visual inspection on November 6, it was observed that an obvious color difference existed between the outside paving lanes and the inside ·lanes. Slab Samples 2 and 5 were taken from the outside lanes. The ductility values indicated that there was a difference in the asphalt cements.
The ductility values for Slab Samples 2 and 5 were two to four times greater than for the other slab samples, indicating that this binder was not as brittle or hard as the asphalt cements of the inside lanes.
Recompaction Analysis
The test results from the three recompaction studies are given in Tables 6 through 11. All three recompaction procedures, ASTM D1559, MIL STD 620B (Method 100), and ASTM D3387, indicated that the asphalt concrete . mixtures do not meet the contract specifications.
The asphalt contents determined from the extraction process were very low . The asphalt contents determined for slab samples from Runway 9/27 ranged from 4.3 to 5.6 percent. The asphalt content for slab samples from Runway 14/32 were 5.4 and 6.9 percent. The asphalt content recommended by the contractor as optimum was 6.5 percent. The asphalt contents of the in-place material were between 0.9 and 2.2 percent below the optimum asphalt content. Low asphalt contents cause improper film coating of aggregate particles, which leads to insufficient bonding and raveling.
The voids total mix (VTM) requirement of 3 to 5 percent was not met by these asphalt concrete mixtures from Runway 9/27. The VTM values were extremely high for all three recompaction procedures and each theoretical density determination, ASTM D2041 and MIL STD 620B (Method 101). The VTM values computed from the recompaction analysis using ASTM D1559 procedure ranged from 5.0 to 6.6 percent (ASTM D2041) and from 5.3 to 6.9 percent (MIL STD 620B).
The VTM values computed from the recompaction analysis using MIL STD 620B (Method 100) procedure ranged from 6.7 to 8.0 percent (ASTM D2041) and from 5.3 to 7.7 percent (MIL STD 620B). The VTM values computed from the gyratory analysis ranged from 6.2 to 8.6 percent (ASTM D2041) and from 5.6 to 7.0 percent (MIL STD 620B).
The other Marshall void property, voids filled with asphalt (VF), was also determined for these asphalt concrete mixtures from Runway 9/27. The VF values were extremely low for an asphalt concrete mixture that is used on a heavy-duty airfield pavement. The typical voids filled with asphalt requirement is 70 to 80 percent for airfield pavements. The VF values computed from the ASTM D1559 procedure ranged from 58. 7 to 68.9 percent (ASTM D2041) and from 59.5 to 67.7 percent (MIL STD 620B). The VF values computed for the MIL STD 620B (Method 100) procedure ranged from 53 .2 to 64.3 percent (ASTM D2041) and from 55 .6 to 69 .2 percent (MIL STD 620B). The VF values computed from the gyratory analysis ranged from 51.1 to 64.0 percent (ASTM D2041) and from 56.3 to 67.8 percent (MIL STD 620B).
The recompaction analysis of slab samples from Runway 14/32 indicated that these asphalt concrete mixtures did not fully meet the specification requirements but were much closer than the previously discussed slab samples. The asphalt content for Slab Sample 7 was 5.4 percent, whereas the asphalt content for Slab 8 was 6.9 percent. The VTM values for Slab 7 varied from 4.2 to 6.4 percent for the three recompaction procedures. The VTM values for Slab 8 were much lower and varied from 2.3 to 4.S percent for the recompaction procedures . The VF values for Slab Sample 7 were slightly lower than recommended values and varied from 64.3 to 76.3 percent. The VF values for Slab Sample 8 indicated that too much asphalt was in the mixture. The VF values ranged from 76. 7 to 86.6 percent. The gyratory analysis also indicated that Slab Sample 8 had an excessive amount of asphalt cement in the mixture. A gyratory stability index (GSI) value of 1.1 indicated that the asphalt concrete mixture had an excessive asphalt content.
SUMMARY
The performance of the asphalt concrete overlays, especially Runway 9/27, has been unacceptable due to the raveling of the pavement surface. On the basis of visual inspection of the runways and test results from the laboratory analysis, the poor performance of the asphalt concrete overlay was due to an improperly produced and constructed asphalt concrete mixture. Several factors contributed to this improper asphalt mixture:
• The field density and compaction results are low and did not meet the minimum compaction requirements. The high in-place voids total mix indicated that the asphalt concrete 59 mixtures were susceptible to weathering and decreased service life.
• The aggregate gradations were consistently out of specification and were predominantly coarse. Coarse gradations promote an open-textured pavement surface, which allows increased raveling when combined with a low asphalt content.
• The natural sand content was above the maximum 15 percent limit. The use of high percentages of local natural sand increased the incidence of roots, sticks, and organics in the asphalt concrete mixtures.
• The test results for the recovered asphalt cements indicated that these materials have aged and hardened significantly during the 2 years these pavements have been in service . Hardened asphalt cements produce brittle asphalt concrete mixtures that increase the potential for weathering and raveling.
•The asphalt contents determined from the extraction process indicated that the asphalt concrete mixtures had less asphalt cement than recommended by the JMF. The asphalt contents were extremely low, 1 to 2 percent by weight lower than the optimum asphalt content. These low asphalt contents are a major contributor to the raveling problem.
• The recompaction analyses for these slab samples indicated that the asphalt concrete mixtures did not meet the contract specifications. The Marshall mix design void properties were not acceptable for heavy-duty airfield pavements. The voids total mix values were extremely high, and the voids filled with asphalt values were consistently low. These Marshall properties indicate that the in-place asphalt concrete does not have enough asphalt cement to properly coat the aggregate particles and to prevent further deterioration and raveling.
The combination of these factors has contributed to pavement surface raveling that has occurred on Runways 9/27 and 14/32. The test results for the laboratory evaluation indicate that the in-place material is not the quality pavement required by the specification. On the basis of the test results of this investigation, the pavement surface raveling will continue and eventually cause a foreign object damage problem.
RECOMMENDATIONS
On the basis of the visual inspection and laboratory analysis of the in-place materials at Jacksonville NAS, the following recommendations are given:
1. The in-place asphalt concrete surface course material on Runway 9/27 is unacceptable for airfield pavements and should be removed to eliminate surface raveling and potential foreign object damage.
2. The existing asphalt concrete surface course should be removed by cold milling to a minimum depth of 2 in.
3. An asphalt concrete layer 2 in. thick should be placed and constructed for the new runway surface. Proper materials and construction procedures should be required to ensure an acceptable pavement surface.
4. The existing asphalt concrete material on Runway 14/32 is not exhibiting severe pavement raveling as is Runway 9/27. However, the potential for future deterioration exists. Periodic inspections should be conducted by Jacksonville NAS personnel to monitor the pavement surface on Runway 14/32.
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